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CLUTCH ASSEMBLY 
BACKGROUND 

[0001] The present invention relates to a clutch assembly. More 
particularly, the present invention relates to a more robust and readily 
manufacturable viscous fluid clutch (e.g., a magnetorheological fluid (MRF) 
clutch) for a fan drive assembly for use in a vehicle. 

[0002] A viscous fluid clutch typically includes a viscous material, such as a 
magnetorheological fluid, operating in a gap between a driven rotor and a 
stator where the stator couples with the rotor to drive an output speed of the 
clutch and an attached fan blade assembly. Magnetorheological fluids 
typically include finely divided iron particles suspended in a non-polar 
medium. Magnetorheological fluids are preferably formulated to resist particle 
separation even under high separation force applications and typically 
function as Bingham fluids. In an ambient gravitational field and in the 
absence of a magnetic field, a Bingham fluid displays a shear stress that 
increases generally linearly as the shear rate on the fluid is increased. When 
a Bingham fluid is subjected to a magnetic field, the shear stress versus shear 
rate relationship is increased so that substantially more shear stress is 
required to commence shear of the fluid. Such a characteristic is useful in 
controlling transfer of torque between the rotor and the stator in an MRF 
clutch. 

[0003] The known design of a viscous fluid clutch further includes a coil for 
creating an electromagnetic field in gaps between the rotor and the stator. 
When the magnetorheological fluid is subjected to the electromagnetic field, 
the yield stress of the magnetorheological fluid varies and the speed at which 
the stator is coupled to the rotor varies. In this manner, the output speed of 
the clutch is infinitely variable with respect to the input speed. 
[0004] In an engine driven fan system employing an MRF clutch, the speed 
of the fan is continuously variable by varying a magnetic flux in the 
magnetorheological fluid. Such variable speed fan drive assemblies provide 
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improved fuel economy, noise reduction, improved power train cooling, and 
cost reduction. However, conventional MRF clutches can involve excessive 
manufacturing cost and labor. 

[0005] For example, in practice, all fan clutches, including conventional 
MRF clutches, have typically required the use of four or more fasteners to 
attach a fan blade hub to a fan cover body. The greater the number of 
fasteners, the greater the weight and cost of the final product and the more 
time required for manufacturing assembly. 

[0006] Conventional MRF clutches also include a rotor having a slot, or a 
series of discontinuous slots (or other feature), to prevent the magnetic field 
from prematurely shunting across the rotor. The creation of the slots (or other 
shunt prevention feature) requires the rotor to undergo a complex additional 
machining process, which increases manufacturing cost and time. 
[0007] Another disadvantage of conventional MRF clutches is that such 
clutches have proven to not be sufficiently robust for application in vehicles. 
For example, such clutches may include leak paths that enable the 
magnetorheological fluid to escape from the clutch as the MRF seeps into an 
internal porous portion of the cast aluminum fan cover body. Although the 
shell (or skin) of the casting generally prevents the fluid from leaking beyond 
the internal porous portion of the casting, bolt holes for attachment of the fan 
blade hub include machined threads. The machining process breaches the 
shell of the casting (which is created during the casting process) to expose 
the internal porous portion thereby providing a leak path for the escape of the 
magnetorheological fluid. Similarly, magnetorheological fluid can leak out of 
the clutch along a path formed by areas of contact between the cast fan cover 
body and a metal fan cover insert. 

[0008] Additionally, in conventional MRF clutches, problems may arise 
during clutch operation. For example, in such clutches the clutch cover is 
typically positioned around a ferrous material cover insert. During operation 
of the clutch, the clutch cover and the clutch cover insert may tend to 
separate. Similarly, the rotor hub of such clutches may experience 
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dimensional changes due to increased temperature during clutch operation. 
The dimensional changes can cause the rotor hub (and/or the rotor, which is 
attached to the rotor hub) to contact the clutch housing during operation. 
[0009] MRF clutches typically generate a significant amount of heat due to 
viscous heating and are susceptible to damage from overheating. One 
disadvantage of conventional MRF fan clutches is that such clutches typically 
rely solely on incoming air flow (i.e., ram air) to cool the clutch. The ram air is 
generated by motion of the vehicle. When vehicle speed is low (e.g., at 
engine idle, during severe grade towing, travel with a significant tailwind), the 
velocity and volume of ram air flowing over the clutch may be insufficient to 
effectively cool the clutch. The velocity and volume of ram air reaching the 
fan clutch is also is also affected by restrictions to the free flow of incoming 
air, such as the vehicle front end, the radiator, the grille assembly, and the 
hood latch mechanism. 

[0010] Additionally, conventional MRF clutches do not effectively direct the 
ram air to the cooling fins of the clutch. Due to clutch geometry, air flowing 
toward the clutch may stagnate or bypass the cooling fins so that heat is not 
effectively dissipated. For example, such clutches typically have an electrical 
cap connected to the fan clutch at a central area on the front of the clutch. 
The electrical cap creates a stagnation point so that heat cannot be effectively 
dissipated from the central area of the clutch. As a result, performance and 
overall durability of the clutch are reduced. 

[001 1] In a vehicle system, an MRF fan clutch is typically driven by the 
same pulley that drives the water pump. For example, a drive belt from the 
crankshaft pulley turns a water pump pulley, which drives both the water 
pump and the fan clutch. One disadvantage of such an arrangement is that 
the water pump and the fan clutch generally require different input speeds. 
Thus, the fan clutch must be stepped-up using an appropriate gear (pulley) 
device so that the input shaft of the fan clutch rotates at a proportionately 
higher speed than engine speed. Selection of the pulley ratio of the gear 
device requires a compromise between fan speed and water pump speed. If 
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the ratio is too high, the fan speed may be excessive even though the water 
pump speed satisfies the demand for coolant flow. Excessive fan speed can 
cause premature failure of the fan clutch. Conversely, if the ratio is too low, 
the fan speed will provide insufficient airflow to the coolant flowing through the 
radiator resulting in diminished air conditioning performance at idle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying drawings, which are herein incorporated and 

constitute a part of this specification, illustrate embodiments of the invention 

and together with the description serve to explain principles of the invention. 

[0013] Figure 1 is a cross sectional side elevation view of an embodiment of 

a clutch assembly according to the present invention. 

[0014] Figure 2 is a cross sectional side view of a rotor of Fig. 1 . 

[001 5] Figure 2A is a perspective view of the rotor and a rotor hub of Fig. 1 . 

[0016] Figure 2B is a cross sectional side view of the rotor hub of Fig. 1 . 

[0017] Figure 3 is a rear elevation view of a clutch housing assembly of Fig. 

1. 

[0018] Figure 4 is a side elevation view of the clutch housing assembly of 
Fig. 3. 

[001 9] Figure 5 is a perspective view of the clutch housing assembly of Fig. 

3. 

[0020] Figure 5A is a perspective view of the clutch housing assembly of 
Fig. 5 showing a fan blade assembly attached thereto. 
[0021] Figure 5B is a rear perspective view of the fan blade assembly of 
Fig. 5A. 

[0022] Figure 6 is a view of detail A in Fig. 1 showing engagement of a 
clutch housing assembly cover and cover insert. 

[0023] Figure 6A is a side elevation view of the insert of Fig. 6 without the 
cover. 

[0024] Figure 6B is a view of the cover and insert of Fig. 6 showing the 
insert separated from the cover. 
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[0025] Figure 6C is a side elevation view of the housing insert of Fig. 6A 
prior to a machining operation. 

[0026] Figure 7 is a perspective view of a coil assembly of Fig. 1 . 
[0027] Figure 7A is a cross sectional view of a brush box of Fig. 1 . 
[0028] Figure 8 is a cross sectional side elevation view of the coil assembly 
of Fig. 7. 

[0029] Figure 9 is a perspective view of an embodiment of a cooling device 

installed on a clutch assembly according to the present invention. 

[0030] Figure 10 is a cross sectional view of the cooling device and clutch 

assembly of Fig. 9 showing air flow through the cooling device. 

[0031] Figure 1 1 is a perspective view of the cooling device of Fig. 9. 

[0032] Figure 12 is a cross sectional side view of the cooling device of Fig. 

9. 

[0033] Figure 1 3 is a bottom perspective view of the cooling device of Fig. 
9. 

[0034] Figure 14 is a perspective view of an attachment member of Fig. 9. 
[0035] Figure 1 5 is a front perspective view of cooling fins on a clutch 
assembly cover according to an embodiment of the present invention. 
[0036] Figure 16 is a section view taken along line B-B of Fig. 16A showing 
a tri-lobular shape of a fastener thread. 

[0037] Figure 16A is perspective side view partly in section of a self-tapping 
fastener installed in a cover of a clutch housing assembly according to an 
embodiment of the present invention. 
[0038] Figure 1 6B is a view of detail B of Fig. 1 6A. 

[0039] Figure 1 7 is a cross sectional side elevation view of an embodiment 

of an MRF drive device according to the present invention. 

[0040] Figure 18 is view of detail A of Fig. 17 including a permanent 

magnet. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0041] As background, MRF clutches are described in U.S. Patents No. 
5,823,309; No. 5,845,752; No. 5,848,678; No. 5,896,964; No. 5,896,965; No. 
5,960,918; No. 6,032,772; No. 6,102,177; No. 6,173,823; No. 6,318,531 ; and 
No. 6,585,092. The entire disclosure of each of these patents are herein 
incorporated by reference. 

[0042] Figure 1 shows an embodiment of a magnetorheological fluid (MRF) 
clutch 1 for a fan drive assembly according to an embodiment of the present 
invention. In this embodiment, the MRF clutch 1 generally includes an input 
shaft 10, a rotor hub 20, a rotor 30, a clutch housing assembly 40, a coil 
assembly 80, and a tether assembly 120. 

[0043] The input shaft 10 (shown in Fig. 1) is configured to supply rotational 
input force to the MRF clutch 1. The input shaft 10 rotates about an axis A-A 
and can be driven by an engine of a vehicle, for example, using a pulley 
driven by a crankshaft or other input device. Accordingly, a speed of the input 
shaft 10 is engine speed or is stepped-up using an appropriate gear device to 
make the input shaft 10 rotate at a proportionately higher speed than the 
engine speed. The input shaft 10 can be made, for example, of metal, such 
as steel, or any other known or appropriate material. 
[0044] The MRF clutch 1 includes a rotor hub 20 configured to receive 
rotational input force from the input shaft 10. As shown in Figs. 2A and 2B, 
the rotor hub 20 preferably has an annular shape with an outer periphery 22 
and an inner periphery 24. As shown in Fig. 2A, the annular shape of the 
rotor hub 20 is substantially round (or circular) for rotation about a center axis, 
such as the axis of rotation A-A of the input shaft 10. The inner periphery 24 
of the rotor hub 20 includes a annular neck 26 affixed to the input shaft 10. 
The rotor hub 20 extends radially outward from the input shaft 10, and the 
outer periphery 22 of the rotor hub 20 is connected to an end of the rotor 30. 
The rotor hub 20 can be made from any known method but is preferably 
stamped from metal, such as aluminum. 
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[0045] The rotor hub 20 can optionally include a plurality of holes (not 
shown) to reduce the weight of the rotor hub 20 and to balance pressure on 
each side of the rotor hub 20. The rotor hub 20 can also include breathing 
passages 21 in the form of several holes radially and angularly spaced about 
the rotor hub 20 to equalize pressure on both sides of the rotor hub 20. The 
breathing passages can be disposed near a center of the rotor hub 20 (as 
shown in Fig. 2A) so that the breathing passages 21 are outside a shear zone 
of the magnetorheological fluid. The breathing passages 21 can be, for 
example, equally spaced with each breathing passage 21 having a diameter 
of approximately 5 mm to 7 mm. 

[0046] The rotor hub 20 can also include a formed (curved) portion 28 
(shown in Fig. 2B) extending annularly around the rotor hub 20. The formed 
portion 28 is disposed between the outer periphery 22 and the inner periphery 
24 of the rotor hub 20. The formed portion 28 is configured to compensate for 
dimensional changes of the rotor hub 20 due to temperature variation during 
operation of the MRF clutch 1 by preventing radial movement of the outer 
periphery 22 of the rotor hub 20. For example, the formed portion 28 can 
include a concave surface 28a and a convex surface 28b. As shown in Fig. 1 , 
the concave surface 28a is disposed on the side of the rotor hub 20 facing 
toward a direction of extension of the rotor 30 (e.g., toward a fan cover body 
52). The convex surface 28b is disposed on the opposite side of the rotor hub 
20, that is, on the side of the rotor hub 20 facing a direction that is opposite 
the direction of extension of the rotor 30 (i.e., facing toward a housing 42). 
Additionally, the concave surface 28a and the convex surface 28b are offset 
from the outer periphery 22 in a direction along the axis of rotation A-A of the 
input shaft 10 toward the housing 42. A radius of curvature of the concave 
surface 28a can be, for example, approximately 1 .55 mm. Provision of the 
formed portion 28 provides a space (i.e., the space adjacent the concave 
surface 28a) into which the material of the rotor hub 20 can expand as the 
material grows during heating of the rotor hub 20. If the expansion space was 
not present (as with a conventional rotor hub), the outer periphery 22 of the 
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rotor hub 20 would bend (or pitch) toward the housing 42 and contact (or hit) 
the housing 42 thereby impairing operation of the clutch. 
[0047] The rotor 30 is received within a slot 12 and is configured to rotate 
within the slot 12. As shown in Fig. 1, the slot 12 is defined by a wheel portion 
54 and a ring portion 56 of a housing insert 1 50. The rotor 30 includes a ring 
having a first side 32 affixed to the outer periphery 22 of the rotor hub 20. For 
example, the first side 32 of the rotor 30 can be crimped onto the outer 
periphery 22 of the rotor hub 20 (shown in Fig. 1). The rotor 30 extends 
outwardly with respect to a face of the rotor hub 20 so that the first side 32 of 
the rotor 30 is closer to the rotor hub 20 than a second side 34 of the rotor 30, 
as shown in Fig. 1 . The rotor 30 extends in a direction toward the fan cover 
body 52. The rotor 30 can be made of a magnetically permeable ferrous 
material, such as a low carbon steel alloy, preferably ASTM 1006 or ASTM 
1008. 

[0048] The rotor 30 can include a grooved portion 36 disposed between the 
first side 32 and the second side 34 of the rotor 30 to prevent a magnetic field 
from shunting along the rotor 30. The grooved portion 36 can be formed so 
that other portions (i.e., non-grooved portions) of the rotor 30 have a thickness 
that is sufficiently greater than a thickness of the grooved portion 36 to 
prevent a substantial path for magnetic flux across the rotor 30. For example, 
the thickness of the grooved portion 36 can be approximately 0.25 to 0.33 
mm, and the thickness of first and second ends 32, 34 can be approximately 
2.44 mm. The grooved portion 36 can include grooves 36a and protrusions 
36b, which can be configured for ease of manufacture. As shown in Fig. 2, 
the grooves 36a and protrusions 36b preferably have a W-shaped profile that 
can be formed by rolling as opposed to machining. In this manner, the rotor 
30 can be formed without an additional machining step. The grooves 36a and 
the protrusions 36b can also have other profiles, such as a saw tooth profile, a 
V-W shaped profile, and a W-W shaped profile. 

[0049] The rotor 30 can be formed in a non-machined manner to reduce 
manufacturing complexity. For example, the rotor ring (rotor 30) can be made 
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by forming a suitable material into a longitudinal strip and mating the ends of 
the strip together (e.g., by welding). Alternatively and preferably, the rotor ring 
is formed as a seamless rolled ring. For example, the rotor ring is preferably 
formed from sheet stock low carbon steel. The sheet stock is formed into a 
cup shape by a cup drawing process, trimmed, and rolled to size to form the 
rotor ring (rotor 30). A separate rolling operation can be used to thin and 
shape a central portion of the ring to create the grooved portion 36. The first 
side 32 of the rotor ring (rotor 30) can be connected (e.g., crimped) to the 
outer periphery 22 of the rotor hub 20, which can be stamped from a suitable 
material and can optionally be formed to include the formed portion 28. 
[0050] The clutch housing assembly 40 includes an annular housing 42 and 
a cover 52 (as shown in Figs. 1 and 4). The housing 42 and the cover 52 are 
preferably made of cast aluminum and are joined together to form the clutch 
housing assembly 40 with the cover 52 being disposed on a forward (or front) 
end 11a of the MRF clutch 1, and the housing 42 being disposed on an aft (or 
rear) end 1 1 b of the MRF clutch 1 . The forward (or front) end 1 1 a of the MRF 
clutch 1 is the end of the MRF clutch 1 facing toward a forward (or front) end 
of a vehicle when the MRF clutch 1 is installed in the vehicle. Similarly, the aft 
end 1 1b of the MRF clutch 1 is the end of the MRF clutch 1 facing toward an 
aft (or rear) end of the vehicle when the MRF clutch 1 is installed in the 
vehicle. 

[0051] The cover 52 includes an insert 150 comprising a wheel portion 54 
and a ring portion 56. The insert 150 is made of a magnetically permeable 
ferrous material, such as a low carbon steel alloy, preferably ASTM 1010 or 
ASTM 1018 forged steel. The cover 52 is positioned around a portion of the 
insert 150. For example, the cover 52 is preferably made of aluminum and 
cast around the metal insert 150. As shown in Fig. 1, the housing 42 and the 
cover 52 connect together to enclose the rotor hub 20, the rotor 30, and a 
portion of the coil body 82 and to form a reservoir 16. The reservoir 16 
contains a magnetorheological fluid within the clutch housing assembly 40. 
The clutch housing assembly 40 can also include cooling fins 142 disposed 
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on an external portion of the housing 42 and cooling fins 152 disposed on an 
external portion of the cover 52. The cooling fins 142 and 152 dissipate heat 
generated during operation of the MRF clutch 1. 

[0052] As shown in Fig. 1 , the housing 42 includes a stepped radial contact 
face 240, and the cover 52 includes a stepped radial contact face 250. The 
stepped radial contact face 240 is disposed adjacent to the stepped radial 
contact face 250 to form an area of contact between the housing 42 and the 
cover 52 that provides labyrinth sealing surfaces 50. The stepped contact 
faces 240 and 250 also provide pilot surfaces for radial alignment of the 
housing 42 and the cover 52. Additionally, the cover 52 can include a radially 
extending pocket 54 configured to receive a sealant, such as a polymeric 
sealant, or a static o-ring. The labyrinth sealing surfaces 50 and the sealant 
in the pocket 54 substantially prevent the leakage of MRF from the clutch 
housing assembly 40. 

[0053] The housing 42 is rotatably disposed on the input shaft 1 0 so that the 
housing 42 is isolated from torque application from the input shaft 10. For 
example, a bearing set 18 can be pressed into the housing 42 (from an 
exterior or aft side of the housing 42) so that the bearing set 1 8 abuts against 
a surface 44 of the housing 42, as shown in Fig. 1 . The bearing set 18 is any 
known or appropriate bearing set, preferably a 6204 size single row ball. A 
radial projection 48 of the housing 42 can be rolled over to lock the bearing 
set 18 with the housing 42. The input shaft 10 can be pressed into the 
bearing set 18 until a surface 10a of the input shaft 10 abuts the bearing set 
18. The rotor hub 20 can be pressed onto the input shaft 10, and a radial 
extension 10b on an end of the input shaft 10 can be staked to lock the rotor 
hub 20 onto the input shaft 10. Thus, the input shaft 10 extends through the 
bearing set 18, the housing 42, and the rotor hub 20 and locks the bearing set 
18, the housing 42, and the rotor hub 20 together. 

[0054] Additionally, as shown in Fig. 1, the housing 42 can have an annular 
neck 46 disposed on an inner periphery of the housing 42. The annular neck 
46 is sized so that a clearance between the annular neck 46 of the housing 42 
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and the annular neck 26 of the rotor hub 20 forms a labyrinth sealing path to 
substantially prevent the magnetorheological fluid in the reservoir 1 6 from 
entering the bearing set 18. 

[0055] Alternatively, the housing 42 can be arranged so that the radial 
projection 48 and the extension forming the surface 44 are switched (i.e., 
relocated 180 degrees). In other words, the radial projection 48 can be 
located forward of the surface 44 (with respect to the vehicle) so that the 
bearing set 18 can be pressed into the housing 42 from an interior (or 
forward) side of the housing 42 to abut the surface 44. In this arrangement, 
the annular neck 46 of the housing is eliminated. In order to retain the 
labyrinth sealing function of the annular neck 46, an L-shaped washer is fitted 
against the bearing set 18 after the bearing set 18 is pressed into the housing 
42. The radial projection 48 of the housing 42 can then be rolled over to lock 
the L-shaped washer and the bearing set 18 with the housing 42. The input 
shaft 10 can be installed as discussed above. 

[0056] The cover 52 is configured to support a fan blade assembly 1 80, as 
shown in Figs. 5A and 5B. The fan blade assembly 180 includes a fan hub 
182, a plurality of blades 184 extending radially from a periphery of the fan 
hub 182, and a ring 186 connected to an end 184a of each blade 184. The 
fan hub 182 is metal, preferably steel, and the blades 184 and ring 186 are 
plastic, preferably a nylon 6/6 material with reinforced fiberglass, that is 
injection molded (over-molded) around the fan hub 182. Preferably, the over- 
molding substantially fully encompasses the fan hub 182 (with the exception 
of bolt mounting pads 70) to protect the metal fan hub 182 from corrosion thus 
eliminating the need for additional corrosion protection. 
[0057] The cover 52 is configured so that the fan hub 182 can be mounted 
to the cover 52. For example, the cover 52 includes a fan hub mounting 
portion having three angularly spaced mounting pads 70, as shown in Figs. 3 
and 5. The mounting pads 70 are preferably substantially equally spaced 
apart from one another and are configured to enable attachment of the fan 
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hub 182. For example, each mounting pad 70 can include a pilot hole 72 
configured to receive a fastener 190, such as a bolt. 
[0058] The fan hub mounting portion can also include three angularly 
spaced contact pads 74, as shown in Figs. 3 and 5. The contact pads 74 are 
preferably substantially equally spaced apart and are configured to create a 
clamping load when the fan hub 182 is affixed to the hub mounting portion of 
the cover 52. Preferably, each mounting pad 70 has a contact pad 74 
disposed on each side of the mounting pad 70 (as shown in Fig. 3). Similarly, 
each contact pad 74 preferably has a mounting pad 70 disposed on each side 
of the contact pad 74. 

[0059] As best shown in Fig. 4, the contact pads 74 are offset from the 
mounting pads 70 in a direction aligned with the axis of rotation A-A of the 
input shaft 10. For example, the contact pads 74 are designed so that a plane 
A (which is defined by a surface 74a of at least one of the contact pads 74) is 
substantially parallel to and offset from a plane B (which is defined by a 
mounting face 70a of at least one of the mounting pads 70). The contact 
pads 74 are preferably offset away from the cover 52 (i.e., offset toward the 
aft end 1 1 b of the MRF clutch 1 ) so that the contact pads 74 extend beyond 
the mounting pads 70. 

[0060] As best shown in Fig. 5B, the fan hub 182 can include substantially 
flat interface pads 174a and 174b radially projecting from an inner periphery 
of the fan hub 182. There is one interface pad 174a for each mounting pad 
70 and one interface pad 174b for each contact pad 74. The interface pads 
174a and 174b are angularly spaced apart on the fan hub 182 so as to 
correspond to the locations of the mounting pads 70 and the interface pads 
74, respectively, when the fan hub 182 is mounted to the cover 52. Each 
interface pad 174a includes a bolt hole to receive a fastener 190 and is 
configured to contact the mounting face 70a of a mounting pad when the fan 
hub 182 is installed on the cover 52. Similarly, each interface pad 174 is 
configured to contact the surface 74a of a contact pad 74 when the fan hub 
182 is installed on the cover 52. 
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[0061] When the fan hub 182 is affixed to the mounting pads 70 and the 
fasteners 190 are tightened, a preload (or clamping) force develops at the 
contact pads 74. The preload force develops as follows. When the fan hub 
182 is aligned on the hub mounting portion of the cover 52, the interface pads 
1 74b contact the surfaces 74a (plane A) of the contact pads 74. At the same 
time, a gap exists between the interface pads 1 74a and the mounting faces 
70a of the mounting pads 70 (due to the offset condition described above). 
When the fasteners 190 are tightened on the mounting pads 70, the gap is 
closed (i.e., the interface pads 174a come into contact with the mounting 
faces 70a). At the same time, a preload force is generated between the 
contact pads 74 and the interface pads 174b, which are already in contact. In 
this manner, the fan hub 182 is constrained in six places (i.e., at the three 
mounting pads 70 and at the three contact pads 74) even though only three 
fasteners 190 are used. Thus, during manufacture of the MRF clutch 1, the 
fan hub 182 can be securely affixed to the cover 52 using only three fasteners 
190 while still maintaining a sufficient force to clamp the installed fan blade 
assembly 180 to the cover 52. Therefore, fewer components (e.g., half as 
many fasteners as a conventional fan clutch) and less labor are required, 
which results in reduced cost and weight. It will be recognized that the 
mounting arrangement described above can be used in applications other 
than fans for a clutch in a vehicle, such as any type of fan blade mounting 
arrangement for any type of device. 

[0062] The pilot holes 72 in the mounting pads 70 can be threaded (e.g., 
using a thread cutter or a tap as is well known) for engagement with 
corresponding threaded fasteners 190. Alternatively and preferably, the pilot 
holes 72 can be unthreaded, and fasteners 190' (shown in Fig. 16A) can be 
used. The fasteners 190' are preferably tri-lobular, self-tapping fasteners, 
such as a tri-lobular screw. The tri-lobular shape of the fastener 1 90' is 
shown in Fig. 16. When a self-tapping fastener 190' is installed in an 
unthreaded pilot hole 72, the tri-lobular, self-tapping fastener rolls (forms) 
threads 200 in an interior surface of the pilot hole 72. As shown in Fig. 16B, 
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the rolled threads preserve the integrity of a shell (skin) 205 of the cast cover 
52 so that porosity within the cover 52 casting is not exposed. The rolling 
process of the tri-lobular fastener 190' deforms the cast material forming the 
shell 205 without cutting the shell 205 so that a leak path from an interior (i.e., 
the reservoir 16) of the clutch housing assembly 40 to an exterior (i.e., into the 
pilot hole 72) of the clutch housing assembly 40 is not formed. Additionally, 
the threads 200 are formed in the pilot holes 72 at the same time the self- 
tapping fasteners 190' are installed the cover 52 thereby effectively combining 
two assembly steps (i.e., tapping and fastener installation) into one assembly 
step (i.e., fastener installation). Thus, the use of self-tapping fasteners 190' 
eliminates the need to tap (i.e., machine) threads in the cast cover 52 thereby 
reducing manufacturing cost and labor as well as the risk of leaks due to the 
porous nature of the cast aluminum material used to form the cover 52. 
Additionally, the self-tapping fastener 190' can be removed and reinserted 
such as is required when servicing the MRF clutch 1 . Once removed, the 
self-tapping fastener 190' can even be replaced with a standard threaded 
fastener, such as a machine screw or bolt. 

[0063] As mentioned above, the cover 52 is preferably cast around the 
metal insert 150, which includes the wheel portion 54 and the ring portion 56. 
As shown in Fig. 6C, the insert 150 can initially be formed as a single 
precursor piece 150' (e.g., by hot forging a suitable steel alloy blank). The 
aluminum cover 52 can be cast around the precursor piece 150'. The cast 
cover 52 and the precursor piece 150' can then be machined so that the ring 
portion 56 is separated from the wheel portion 54 by the slot 12, as described 
in U.S. Patent No. 6,585,092, incorporated by reference herein. The rotor 30 
is received in the slot 12, which provides clearance for the rotor 30 so that 
gaps 62 and 64 exist between the rotor 30 and the wheel portion 54 and the 
ring portion 56, respectively. Separating the ring portion 56 and the wheel 
portion 54, creates a magnetic flow path that travels in the wheel portion 54 
and the ring portion 56 of the insert 150. Thus, a magnetic field generated by 
the coil assembly 80 is prevented from shunting in the gaps 62 and 64. 
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According to the above-described arrangement, the rotor 30, the rotor hub 20, 
and the input shaft 10 function as a rotor assembly 300 of the MRF clutch 1 , 
and the clutch housing assembly 40 functions as a stator assembly 350 of the 
MRF clutch 1 , with the MRF enabling coupling of the rotor assembly 300 and 
the stator assembly 350 to thereby drive the fan blade assembly 180. 
[0064] The rotor 30, the wheel portion 54, and the ring portion 56 also 
preferably include roughened surfaces configured to promote shear of the 
magnetorheological fluid near a center of the gaps 62, 64. For example, 
surfaces 210 of the rotor 30, the wheel portion 54, and the ring portion 56 that 
are in shear with the magnetorheological fluid during operation of the MRF 
clutch 1 preferably have a surface roughness of approximately 8 to 12 urn. 
The roughened surfaces 210 enable magnetic particles in the 
magnetorheological fluid to attach to the surfaces 210 and be tightly packed 
thereon. Such dense packing of the magnetic particles near the surfaces 210 
enables shear of the magnetorheological fluid to occur near the center of the 
gaps 62, 64 rather than at or near the surfaces 210. When shear of the MRF 
occurs at a surface 210, a significant amount of heat is generated at the 
surface 210 which can lead to damage and annealing of the surface material 
thereby causing the material to become brittle over time and prematurely 
fatigue. 

[0065] The insert 1 50 is preferably configured to reduce leakage of the 
magnetorheological fluid from the clutch housing assembly 40. In particular, 
the wheel portion 54 is preferably shaped to form a labyrinth seal path 54a 
(e.g., a serpentine shaped path) between the wheel portion 54 and the cover 
52. The labyrinth seal path 54a is configured to direct fluid entering the 
labyrinth seal path 54a into the fluid reservoir 16. As shown in Fig. 1 , both 
ends of the labyrinth seal path 54a lead to the reservoir 16. Thus, MRF in the 
reservoir 16 that leaks into one end of the labyrinth seal path 54a will exit at 
the other end of the labyrinth seal path 54a back into the reservoir 16. The 
labyrinth seal path 54a preferably includes a first end 54b disposed proximate 
the slot 12 near the second end 34 of the rotor 30 and a second end 54c 



-15- 



Atty. Dkt. No. 032968-0105 



disposed near a central portion 80a of the coil assembly 80. Additionally, the 
wheel portion 54 can include an annular locking extension member 58 to 
interlock the wheel portion 54 to the cast-around cover 52 so that the wheel 
portion 54 and the cover 52 are anchored against separation. 
[0066] The ring portion 56 of the insert 1 50 can include an annular 
extension member 57 disposed on an outer periphery of the ring portion 56, 
as best shown in Figs. 6, 6A, and 6B. The extension member 57 can be 
configured to mechanically engage an annular complimentary groove 59 
disposed on an inner periphery of the cover 52 to lock the ring portion 56 and 
the cover 52 together. Similarly, the inner periphery of the cover 52 can 
include an annular extension member 57' and the outer periphery of the ring 
portion 56 can include a complimentary annular groove 59' to mechanically 
engage to lock the ring portion 56 and the cover 52 together. 
[0067] Preferably, the extension members 57, 57' are annular threads 1 57 
and the complimentary grooves 59, 59' are complementary threads 159, as 
best shown in Figs. 1 and 6. The annular threads 157 and the annular 
complimentary threads 159 are preferably square profile threads, as shown in 
Figs. 6 and 6B. Forming the extension members 57, 57' and the 
complimentary grooves 59, 59' as threads (rather than as a series of 
discontinuous grooves) is preferable because a thread is formed as a 
continuous cut, which requires fewer manufacturing steps than are required to 
form multiple individual grooves. 

[0068] Additionally, the threads 157 and the complimentary threads 159 are 
preferably configured so that rotational force from the input shaft 10 causes 
the insert 150 and the cover 52 to more securely engage. The input shaft 10 
(and therefore the clutch housing assembly 40 and fan blade assembly 180) 
rotates in a clockwise direction as viewed from the aft end 11b of the MRF 
clutch 1 and in a counterclockwise direction as viewed from the forward end 
1 1 b of the MRF clutch 1 . Thus, the threads 1 57 and the complimentary 
threads 159 are preferably right hand threads. Therefore, similar to a 
threaded fastener, the threads 157 and the complimentary threads 159 
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mechanically engage the ring portion 56 of the insert 150 and the cover 52 so 
that movement of the ring portion 56 relative to the cover 52 causes the ring 
portion 56 to be more securely threaded with the cover 52. In other words, 
the annular threads 157 are configured to rotate in a direction of engagement 
with the complimentary threads 159 when the ring portion 56 moves relative 
to the cover 52 during operation of the MRF clutch 1. 

[0069] Additionally, the locking function of the annular extension members 
57, 57' and the grooves 59, 59' can be enhanced. As suggested in U.S. 
Patent No. 4,788,885, which is herein incorporated by reference, the housing 
insert 150 and the cover 52 are made of different materials (e.g., steel and 
aluminum, respectively, as discussed above) preferably chosen to have 
different coefficients of heat expansion. Thus, when the cast cover 52 is 
heated during operation of the MRF clutch 1, the extension members 57, 57' 
more positively engage the complimentary grooves 59, 59'. In this manner, 
the cover 52 and the ring portion 56 of the housing insert 150 are secured 
against separation, and leakage of the magnetorheological fluid past the 
locking extension members 57, 57' is reduced or prevented. 
[0070] The coil assembly 80 includes a coil body 82, a coil cover 100, and a 
brush box (electrical connector or electrical cap) 105. As best shown in Fig. 
1, a portion of the coil body 82 is enclosed between the coil cover 100 and the 
wheel portion 54 of the housing insert 150, and an opposite portion of the coil 
body 82 protrudes from the cover 52 and is enclosed by the brush box 1 05. 
[0071] As best shown in Fig. 7, the coil body 82 includes a bobbin member 
83. The bobbin member 83 is a support structure for winding a wire 95 and 
includes a winding ring 85 and a crossbar (or spoke) 87. The crossbar 87 is 
connected to a central shaft 89 and can be used, for example, to align and 
locate the coil body 82 in the MRF clutch 1 . The central shaft 89 extends 
outward from a midpoint of the crossbar 87. Apertures 88 exist between the 
winding ring 85 and the crossbar 87. 

[0072] The coil body 82 also includes a magnet 90 affixed to an end of the 
central shaft 89. The magnet 90 of the coil body 82 is can be segmented into 
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two rings 92, 94 (e.g., a positive magnetic ring and a negative magnetic ring) 
that are disposed on an outer periphery of the central shaft 89. The 
segmented magnet 90 is can be formed of a ferrite material in a PPS binder 
and can be segmented to provide, for example, six pulses per revolution (i.e., 
segmented to have six north poles and six south poles) of the coil body 82. In 
this manner, the segmented magnet 90 can work in conjunction with a Hall 
effect sensor disposed in the brush box 105 to measure fan speed thereby 
eliminating the need for a tone wheel in the brush box 105. Alternatively, if 
the magnet 90 is unsegmented, a tone wheel can be included in the brush 
box 105 to work in conjunction with the Hall effect sensor. 
[0073] A first coil lead 1 92 is connected (e.g., by welding) to the first slip 
ring 92, and a second coil lead 194 is connected to the second slip ring 94. 
As best shown in Fig. 8, the first and second coil leads 192, 194 extend 
through the central shaft 89 into the crossbar 87. The coil body 82 further 
includes a coil wire 95 wrapped around the winding ring 85 to form a coil 95c. 
Preferably, the coil wire 95 is an epoxy coated wire, and the coil 95c has 110 
turns. One end of the coil wire 95a is in mechanical and electrical contact 
with the first coil lead 192, and the other end of the coil wire 95b is in 
mechanical and electrical contact with the second coil lead 194. For example, 
the ends of the coil wire 95 are preferably spliced together with the respective 
coil lead 192, 194. 

[0074] The ends 95a and 95b of the wire 95 can be configured to perform a 
fail safe grounding function to prevent a complete short of the coil 95c. When 
the MRF clutch 1 is used in a vehicle having a negative ground, the end of the 
wire 95 that comprises that last winding of the coil is preferably the negative 
lead. In this manner, the possibility of a short due to the crossover of the end 
of the wire is eliminated so that a complete short of the coil is prevented. 
[0075] The coil body 82 is preferably over-molded with an electrically 
insulating, non-magnetic material 97 for encapsulating the components of the 
coil body 82 to prevent a shunt in the magnetic field generated by the coil 
body 82. The over-mold material 97 can be, for example, a polymer material. 
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Preferably, the over-mold material 97 is a thermosetting epoxy, in particular, 
the material known by the brand name Plenco (manufactured by Plastics 
Engineering Co.). As shown in Fig. 8, the material 97 can be applied to the 
winding ring 85 and the crossbar 87 to encapsulate the coil wire 95 and to 
form a radial projection 99. The encapsulating material 97 thus prevents the 
magnetic field generated by the coil body 82 from shunting between the coil 
cover 100 and the wheel portion 54 of the housing insert 150. 
[0076] As shown in Fig. 1 , the winding ring 85 of the coil body 82 sits in a 
circular recess (or channel) in the wheel portion 54 of the housing insert 150 
and is enclosed by the coil cover 100. Thus, the winding ring 85 and a 
substantial portion of the crossbar 87 are located between the wheel portion 
54 and the coil cover 100. Additionally, an o-ring 75 is disposed between the 
coil body 82 and a central portion of the cover 52 to substantially prevent MRF 
and/or gas vapors from leaking past. The apertures 88 in the coil body 82 
enable the coil cover 100 to contact the wheel portion 54 of the housing insert 
150 at a contact portion 104, as shown in Fig. 1 . Thus, the coil cover 100 and 
the wheel portion 54 can be mechanically joined at the contact portion 104. 
For example, the coil cover 100 and the wheel portion 54 are preferably joined 
by laser welding but can also be joined by spot welding, pressing, riveting, or 
any other process appropriate for integrating the wheel portion 54 and the coil 
cover 1 00 for connection with the coil body 82. 

[0077] When the wheel portion 54 and the coil cover 100 are joined, a 
peripheral portion of the wheel portion 54 contacts the radial projection 99 of 
the coil body 82 at an area of contact 54d, as shown in Fig. 1 . Similarly, a 
peripheral portion of the coil cover 100 contacts the radial projection 99 of the 
coil body 82 at an area of contact 100d. The areas of contact 54d and 100d 
thus form a seal between the wheel portion 54 and the coil body 82 and 
between the coil cover 100 and the coil body 82 to prevent passage of the 
magnetorheological fluid. 

[0078] The brush box 105 is a non-rotating brush assembly configured to 
supply power to the slip rings 92, 94. As best shown in Fig. 7A, the brush box 
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105 can include carbon brushes 106, brush holders 107, a brush release 
mechanism 107a, a circuit board assembly 108, a Hall effect sensor 109, and 
an ultrasonic welded cap 1 1 1 . Power is supplied to the brushes 106 by the 
tether assembly 120. The circuit board assembly 108 can support noise 
suppression and signal conditioning electronics. The brushes 106, brush 
holders 107, and the brush release mechanism 107a are configured so that 
when the brush box 105 is assembled over the end of the central shaft 89, the 
brushes 106 are released to contact the slip rings 92, 94. As discussed 
above, the magnet 90 of the coil body 82 can be segmented for use in 
conjunction with the Hall effect sensor 109 to enable a fan speed feedback 
feature. Alternatively, if an unsegmented magnet is used, the brush box 105 
can include a tone wheel 110. 

[0079] As shown in Fig. 1, the brush box 105 is disposed (e.g., pressed) on 
a bearing 112 that is disposed (e.g., pressed) on a connection member 113. 
The connection member 113 preferably connects to the housing cover 52 via 
an external thread 1 13a, and the bearing 112 isolates the brush box 105 from 
rotational force imparted to the connection member 1 13 by the cover 52. 
[0080] The tether assembly 120 is configured to deliver electrical power 
from an engine harness (not shown) to the brush box 105. As shown in Figs. 
3 and 4, the tether assembly 120 includes an end connector 121, a molded 
wire port 122, and a sheath housing 123. The sheath housing 123 encloses 
wires 124 that transmit electrical power though the tether assembly 120 to the 
brush box 105. One end of the sheath housing 123 is connected (e.g., 
clamped) to the end connector 121. The end connector 121 is configured to 
interface with the engine harness, which supplies power to the tether 
assembly 120. The other end of the sheath housing 123 is connected (e.g., 
clamped) to the molded wire port 122, which is configured to interface with the 
brush box 105. As shown in Fig. 7A, the molded wire port 122 provides a 
passage into the brush box 105, thus enabling the wires 124 to contact the 
brushes 106 in the brush box 105 to thereby supply power to the brushes 106. 
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[0081] The tether assembly 120 is preferably over-molded with a suitable 
material, such as a rubber or elastomer, in particular a material known by the 
brand name of Sanaprene, for weatherproof ing. The over-molding can 
eliminate the need for tube shielding (such as the sheath housing 123) or 
other insulating material to be installed separately. In this manner, the tether 
assembly 120 is more robust and capable of withstanding a more rugged 
operating environment. 

[0082] In operation, when electrical power is applied to the coil body 82 
through the tether 120 and the brush box 105, a magnetic field forms in the 
gaps 62, 64 surrounding the rotor 30. The magnetic field causes the 
magnetic particles suspended in the MRF to align. The aligned particles 
restrict motion of the MRF, which increases the energy needed to yield the 
MRF thereby increasing the ability of the MRF to transfer torque from the rotor 
assembly 300 (i.e., the input shaft 10, the rotor hub 20, and the rotor 30) to 
the stator assembly 350 (i.e., the clutch housing assembly 40) to thereby drive 
the fan blade assembly 180 attached thereto. 

[0083] Thus, the rotor assembly 300 rotates at an input speed determined 
by, for example, the engine or the water pump pulley ratio. As power is 
provided to the coil body 82, the formation of the magnetic field causes the 
yield stress of the magnetorheological fluid to increase. Torque is transferred 
between the rotor assembly 300 and the stator assembly 350 when the rotor 
30 rotating in the slot 12 couples with the MRF and the wheel and ring 
portions 54, 56 couple with the MRF and begin to rotate. 
[0084] A "lockup" condition between the rotor assembly 300 and the stator 
assembly 350, where the rotor assembly 300 and the stator assembly 350 
rotate at the same speed, is possible. However, the MRF clutch 1 typically 
operates at a speed differential or ratio (also known as "slip") between the 
rotating speed of the rotor 30 and the rotating speed of the clutch housing 
assembly 40 and attached fan blade assembly 180. The degree of slip is 
controlled by controlling the magnetic field applied to the magnetorheological 
fluid. Thus, by controlling the power applied to the coil body 82, the strength 
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of the magnetic field and the yield stress of the magnetorheological fluid is 
controlled. In this manner, the speed of the clutch housing assembly 40 and 
attached fan blade assembly 180 is virtually infinitely variable with respect to 
the speed of the input shaft 10. 

[0085] As best shown in Figs. 9 through 13, the MRF clutch 1 preferably 
includes a cooling device 400 configured to direct airflow F to increase heat 
dissipation performance of the cooling fins 152. As best shown in Figs. 9 and 
10, the cooling device 400 is installed on a front end 1 1a of the MRF clutch 1 
and includes a diffuser element 410 and a connector element 420. The 
diffuser element 410 and the connector element 420 are configured to direct 
the airflow F toward the cooling fins 152, to increase air pressure, and to 
prevent stagnation of air at a central area 52a of the housing 52. As a result, 
the air flow F is directed into the cooling fins 152, and heat rejection within the 
clutch 1 is significantly improved. 

[0086] The diffuser element 410 has a first surface 412 aligned to direct air 
toward the cooling fins 1 52. Preferably, the first surface 412 is a surface of a 
hollow, truncated cone, such as a frustum of a cone or a frustoconical section, 
as shown in Figs. 1 1 and 12. When the MRF clutch 1 is installed in a vehicle, 
the cooling fins 152 face toward a front end of the vehicle. As the vehicle 
moves, air F flows toward the cooling fins 152, as best shown in Fig. 10. The 
air F enters a first opening 410a of the diffuser element 410 and is directed 
toward a second opening 410b proximate the cooling fins 152. The first 
surface 412 diverges from the first opening 410a toward the second opening 
41 0b. Thus, the diffuser element 41 0 is designed so that a diameter of the 
second opening 41 0b is larger than a diameter of the first opening 41 0a. As 
the air F flows through the diverging diffuser element 410, air pressure 
increases and the first surface 412 directs (diffuses) air toward the cooling fins 
152. 

[0087] The connector element 420 is disposed concentrically within the 
diffuser element 410 and is configured to substantially reduce stagnation of air 
at the central area 52a of the fan cover body 52 (e.g., at an area in the vicinity 
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of the cap 1 1 1 of the brush box 1 05). The connector element 420 preferably 
has a cone shaped surface to provide air flow through the diffuser element 
410. As best shown in Fig. 10, the connector element 420 can be positioned 
over the brush box 105 so that the connector element 420 diverges in a 
direction toward the fan cover body 52. In other words, a small diameter end 
420a of the connector element 420 is located away from the fan cover body 
52, and a large diameter end 420b of the connector element 420 is located 
adjacent the fan cover body 52. As airflows through the diffuser element 410, 
the air flows along a diverging outer surface 422 of the connector element 420 
rather than impinging and stagnating on the substantially flat cap 1 1 1 of the 
brush box 105. The connector element 420 is connected to the brush box 
105, for example, by a press or interference fit or by sonic welding or staking. 
Alternatively, the connector element 420 can be made integral with the brush 
box 105. 

[0088] As best shown in Fig. 1 1 , the connector element 420 is connected to 
the diffuser element 410 by at least one extension member 430. Preferably, 
the connector element 420 includes three radially extending, angularly 
displaced extension members 430, as shown in Fig. 13. The extension 
members 430 can extend from an outer surface 422 of the connector element 
420 to the first surface 41 2 of the diffuser element 41 0. Each extension 
member 430 can be disposed approximately 120 degrees from each other 
extension member 430. The diffuser element 410, the connector element 
420, and the extension members 430 can be integrally formed and can be 
made of, for example, a polymeric material. 

[0089] The diffuser element 410 and the connector element 420 also have 
apertures 418 and 428, respectively, as shown in Fig. 13. The apertures 418 
and 428 enable the sheath housing 123 of the tether assembly 120 to pass 
through the diffuser element 410 and through the connector element 420 so 
that the tether 120 can connect to the brush box 105. Additionally, the cooling 
device 400 can be appropriately sized so that the cooling device 400 can be 
packaged in a particular vehicle between the MRF clutch 1 and a radiator. 
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[0090] The cooling device 400 is configured to be connected to the fan 
cover body 52 via the brush box 105. For example, the cooling device 400 
can be integral with the brush box 105. Alternatively, the cooling device 400 
can include an attachment member 440 (shown in Fig. 14). The attachment 
member 440 is integrally formed in the brush box 105 and is adapted to 
connect the cooling device 400 to the fan cover body 52. The attachment 
member 440 can include a central projection 442 extending from a circular 
base 444 of the brush box 105. The central projection 442 can engage with a 
corresponding aperture 428 disposed on the connection member 420. For 
example, the connection member 420 can be mechanically or heat laser 
staked onto the central projection 442 or could be connected thereto in any 
other known or appropriate manner. 

[0091] To further enhance heat dissipation, the fan cover body 52 can 
include curved cooling fins 152' (as shown in Fig. 15). The curved cooling fins 
152' help reduce air flow separation along the walls of the cooling fins 152' 
thereby reducing stagnation of air along the cooling fins 152' to provide 
greater heat transfer from the cooling fins 152' to the air flowing past. The 
cooling fins 152' are curved in a direction opposite a direction of rotation R so 
that air moves in an outward direction with respect to the fan cover body 52 
rather than inward toward the central area 52a. 

[0092] The MRF clutch 1 can also be adapted to be driven by a combined 
MRF coolant pump and fan clutch drive device 500. The MRF drive device 
500 is configured to drive the MRF clutch 1 (fan clutch) and a coolant pump 
(water pump) so that a speed of the MRF clutch 1 is independent of a speed 
of the water pump. 

[0093] The MRF drive device 500 is configured to function as an MRF 
clutch for the water pump. The MRF drive device 500 includes a housing 510, 
a coil assembly 520, a rotor assembly 530, a water pump input shaft 540, 
and a fan clutch input shaft 10'. 

[0094] The housing 510 includes a pulley 512 configured to be driven by the 
engine (e.g., by a drive belt driven by a crankshaft pulley) and a housing 



-24- 



Atty. Dkt. No. 032968-0105 



cover 514 connected to the pulley 512 by fasteners 505. The pulley 512 and 
the housing cover 514 form a reservoir 503 for containing a 
magnetorheological fluid. Additionally, the housing 510 includes a gasket 507 
to substantially prevent leakage of the MRF out of the housing 510. The 
gasket 507 is preferably a polymer o-ring or an RTV-FIP gasket. The pulley 
512 can be stamped from a non-ferrous material, preferably aluminum. The 
housing cover 514 can be extruded from a non-ferrous material, preferably 
aluminum. Preferably, the pulley 512 includes cooling fins 515 to improve 
heat rejection from the MRF drive device 500 (e.g., by creating turbulent air 
flow in the vicinity of the cooling fins 515). 

[0095] As shown in Fig. 17, the pulley 512 is coupled to the fan clutch input 
shaft 10' (e.g., pressed or integrally formed) and is rotatably disposed on the 
water pump input shaft 540 via a bearing 516. The bearing 516 isolates the 
water pump input shaft 540 from the torque application by the pulley 512. The 
housing cover 514 is rotatably disposed on a stationary water pump housing 
542 via a bearing 518. The bearings 516 and 518 allow for differential speed 
between the housing 510 and the water pump input shaft 540. 
[0096] The coil assembly 520 is disposed within the housing 510, as shown 
in Fig. 17. The coil assembly 520 includes a coil body 522, a steel insert 
forging 524, and a steel insert ring 526. The coil body 522 is preferably press 
fit between the steel insert forging 524 and the steel insert ring 526. When 
the coil body 522 is energized by an electrical signal, the coil body 522 
generates a magnetic field. 

[0097] Power is supplied to the coil body 522 via brushes 528a contained in 
a brush holder assembly 528. The brush holder assembly 528 is connected 
to the housing cover 514, as shown in Fig. 17. The brushes 528a receive an 
electrical signal via slip rings 527a and 527b (e.g., a positive slip ring and a 
negative slip ring). The electrical signal is delivered to the slip rings 527a, 
527b by an electrical connector 529 configured to be connected to the engine 
harness (not shown). The slip rings 527a, 527b and the electrical connector 
529 are preferably fixed to the stationary water pump housing 542. 
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Additionally, the brush holder assembly 528 preferably includes a Hall effect 
sensor to measure differential speed between the water pump shaft 540 and 
the clutch housing assembly 40 of the MRF clutch 1. 
[0098] The rotor assembly 530 includes a rotor 532 and a rotor hub 534. 
The rotor 532 is disposed so that a gap 501 (working gap) exists between the 
rotor 532 and the coil assembly 520, as shown in Fig. 17. The rotor hub 534 
rigidly connects the rotor 532 to the water pump input shaft 540. The rotor 
532 is formed of a ferrous material, preferably low carbon steel, and the rotor 
hub 534 is formed of a non-ferrous material, preferably aluminum. 
[0099] When electrical power is applied to the coil body 522, a magnetic 
field forms in the gap 501 . The magnetic field causes the magnetic particles 
suspended in the MRF to align. The aligned particles restrict motion of the 
MRF, which increases the energy needed to yield the MRF thereby increasing 
the ability of the MRF to transfer torque. Thus, the rotor assembly 530 
couples with the rotating coil assembly 520 (which rotates with the housing 
510). In this manner, torque is transferred from the housing 510 to the rotor 
assembly 530 via the MRF to thereby drive the water pump input shaft 540 
and an attached water pump. In this manner, coolant is circulated. 
[0100] The water pump input shaft 540 is disposed within the water pump 
housing 542. The water input shaft 540 is preferably made of steel, and the 
water pump housing 542 is preferably made of aluminum. As described 
above, when the coil body 522 is energized, the water pump input shaft 540 
couples the pulley 512 to the water pump (not shown) to thereby circulate 
coolant. By controlling the power applied to the coil body 522, the strength of 
the magnetic field generated by the coil body 522 and the yield stress of the 
MRF in the gap 501 and the reservoir 503 is controlled and varied. In this 
manner, the speed of water pump is virtually infinitely variable with respect to 
the speed of the pulley 512. 

[0101] Similarly, the fan clutch input shaft 10' couples the pulley 512 to the 
MRF clutch 1. The input shaft 10' can be coupled with the MRF clutch as 
described above in connection with the input shaft 10. As explained above in 
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connection with the operation of the MRF clutch 1 , by controlling the power 
applied to the coil body 82, the strength of the magnetic field generated by the 
coil body 82 and the yield stress of the MRF in the gaps 62, 64 is controlled 
and varied. In this manner, the speed of the clutch housing assembly 40 and 
the attached fan blade assembly 180 is virtually infinitely variable with respect 
to the speed of the input shaft 10' (or the input shaft 10). 
[0102] Thus, by controlling the respective electrical signals to the coil body 
522 (water pump clutch) and to the coil body 82 (fan clutch), the water pump 
and the fan clutch can be driven by a common (shared) pulley 512 so that a 
speed of the fan clutch (and the fan blade assembly) is independent from a 
speed of the water pump. Moreover, the integral structure of the input shaft 
10', the pulley 512, and the housing cover 514 eliminates the need for a 
typical headed and machined steel fan clutch shaft thereby providing weight, 
labor, and cost savings. 

[0103] Additionally, the MRF drive device 500 preferably includes a 
permanent annular magnet 550 disposed on the coil body 522, for example, 
as shown in Fig. 18. The permanent magnet 550 is preferably low carbon 
steel. The permanent magnet 550 is configured to perform a fail safe function 
by enabling the MRF drive device 500 to fail ON in the event power to the coil 
body 22 is cut off (e.g., due to an open circuit or catastrophic failure). The 
permanent magnet 550 generates a permanent magnetic field in the gap 501 
and in the MRF surrounding the rotor 530. The permanent magnetic field is 
sufficient to provide a base threshold of MRF torque transfer. Thus, the water 
pump can be driven even if the coil body 522 is de-energized. In this manner, 
the engine is protected from overheating because coolant continues to flow 
even if power to the MRF drive device 500 is discontinued. 
[0104] An MRF clutch according to the present invention can include all of 
the above-described the features, if desired. Alternatively, an MRF clutch 
according to the present invention can include any one of or any subset of the 
above-described features. Thus, embodiments according to the present 
invention contemplate all possible permutations and combinations of the 
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above-described features. For example, an MRF clutch could include a 
subset of features including the grooved portion 36 on the rotor 30, the formed 
portion 28 on the rotor hub 20, and the roughened surfaces 210. Another 
subset of features could include the mounting pads 70, the contact pads 74, 
and the self-tapping fasteners 190". Another subset of features could include 
the locking extension members 57 and 57', the complementary grooves 59 
and 59', and the labyrinth seal path 54a formed between the housing insert 
1 50 and the cover 52. Yet another subset of features could include the 
cooling element 400 and the curved fins 152'. Additional subsets include 
each of the above-described subsets with the MRF clutch being coupled to a 
water pump via the MRF drive device 500. 

[0105] Thus, according to the embodiments described above, a more 
robust, manufacturable, and operable MRF clutch for a fan drive assembly is 
provided. 

[01 06] Modifications and other embodiments of the invention will be 
apparent to those skilled in the art from consideration of the specification and 
practice of the invention disclosed herein. It is intended that the specification 
and examples be considered as exemplary only, the scope of the invention 
being limited only by the appended claims. 



-28- 



Atty. Dkt. No. 032968-0105 

WHAT IS CLAIMED IS: 

1 . A fan mounting arrangement for a fan clutch of the type in which a fan 
blade hub is fastened to a hub mounting portion of a fan housing having an 
axis of rotation, the fan mounting arrangement comprising: 

three angularly spaced mounting pad portions located on the hub 
mounting portion and each mounting pad portion configured to have the fan 
blade hub fastened thereto; and 

three contact pad portions angularly disposed on the hub mounting 
portion such that each contact pad portion has a mounting pad portion on 
each side of it and each mounting pad portion has a contact pad portion on 
each side of it, 

wherein the contact pad portions are offset from the mounting pad 
portions in a direction aligned with an axis of rotation of the fan clutch so that 
the contact pad portions apply a force to the fan blade hub when the fan blade 
hub is securely fastened to the hub mounting portion such that fewer 
fasteners are needed to securely fasten the fan blade to the fan clutch. 

2. The fan mounting arrangement of claim 1 , wherein the mounting pads 
each include a bolt hole for mounting the fan blade hub to the mounting 
portion of the housing. 

3. A mounting arrangement for mounting a fan blade having a fan blade 
hub to a housing, the mounting arrangement comprising: 

the housing including a mounting portion for having the fan blade hub 
mounted thereto, 

wherein the mounting portion of the housing includes a plurality of 
angularly spaced mounting pads and a plurality of angularly spaced contact 
pads, and 
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wherein the contact pads are configured to apply a force in a direction 
aligned with an axis of rotation of the housing to the fan blade hub when the 
fan blade hub is mounted to the mounting portion of the housing. 

4. The fan mounting arrangement of claim 3, wherein at least one contact 
pad is offset from at least one mounting pad. 

5. The fan mounting arrangement of claim 4, wherein the contact pad is 
offset from the housing in a direction aligned with the axis of rotation of the 
housing. 

6. The fan mounting arrangement of claim 3, wherein there are three 
mounting pads and three contact pads. 

7. A fan clutch assembly including the fan mounting arrangement of claim 
3. 

8. A magnetorheological fluid clutch, comprising: 
an input shaft; 

a cast housing including a first housing portion engaged with a coil 
assembly and a second housing portion rotatably disposed on the input shaft; 
and 

a rotor assembly disposed between the first housing portion and the 
second housing portion, 

wherein the first housing portion includes a hub mounting portion for 
mounting a fan blade hub, 

wherein the hub mounting portion includes three angularly disposed 
mounting pad portions each configured to receive a fastener for mounting the 
fan blade hub thereto and three angularly disposed contact pad portions, and 

wherein the contact pad portions are offset, in a direction aligned with 
the axis of rotation of the input shaft, from the mounting pad portions so that 
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the contact pad portions apply a force to the fan blade hub when the fan blade 
hub is securely fastened to the hub mounting portion. 

9. An improved fan mounting arrangement for a fan clutch, wherein the 
fan clutch includes a housing having a hub mounting portion and a fan blade 
hub mounted thereto, the fan mounting arrangement comprising: 

fasteners having tri-lobular threads, 

wherein the tri-lobular threads are engaged with corresponding roll 
formed threads in the fan housing, the roll formed threads being configured to 
substantially reduce leakage of fluid from an interior of the fan housing to an 
exterior of the fan housing. 

10. A fan mounting arrangement, comprising: 

a fan housing including a hub mounting portion for mounting a fan 
blade hub; 

a fan blade having a plurality of blades extending from a periphery of a 
hub; and 

fasteners connecting the fan blade hub to the hub mounting portion of 
the fan housing, 

wherein the fasteners include tri-lobular threads engaged with 
corresponding threads of the fan housing, and 

wherein the corresponding threads are roll formed threads to 
substantially reduce leakage of fluid past the corresponding threads from an 
interior of the fan housing to an exterior of the fan housing. 

11. A fan clutch including the fan mounting arrangement of claim 1 0. 

12. The fan clutch of claim 1 1 , wherein the fan clutch comprises a 
magnetorheological fluid fan clutch. 
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13. A method of mounting a fan blade to a fan housing, comprising: 
providing a cast fan housing including a hub mounting portion, wherein 

the hub mounting portion includes unthreaded pilot holes for mounting a fan 
blade hub to the hub mounting portion; 

providing a fan blade having a plurality of blades extending from a . 
periphery of a hub, wherein the hub includes bolt holes arranged to 
correspond to the pilot holes on the hub mounting portion; 

providing at least one fastener having tri-lobular threads; 

aligning the bolt holes of the fan blade hub with the corresponding pilot 
holes of the hub mounting portion; 

inserting the fastener into one of the bolt holes until the fastener 
contacts a wall of the pilot hole; 

forming rolled threads in the wall of the pilot hole by rotating the 
fastener. 

14. The method of claim 13, further comprising applying a torque of 
approximately 30 N-m to the fastener. 

1 5. An viscous fluid clutch comprising: 

a housing including a first housing portion cast around an annular 
housing insert and a second housing portion connected to the first housing 
portion and defining a fluid reservoir contained by the first and second 
housing portions; and 

a labyrinth seal path formed between the housing insert and the first 
housing portion and having a first end and a second end such that any fluid 
entering the labyrinth seal path is returned to the fluid reservoir between the 
first and second housing portions. 

16. A viscous fluid clutch, comprising: 
an input shaft; 

a rotor assembly connected to the input shaft; 
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an annular housing insert; 

a coil assembly operatively connected to the housing insert; 

a housing including a first housing portion cast around the housing 
insert and a second housing portion connected for rotation with the first 
housing portion and rotatably disposed on the input shaft; and 

a fluid reservoir disposed between the first housing portion and the 
second housing portion, 

wherein the first housing portion and the housing insert form there 
between a labyrinth seal having a first end and a second end wherein each of 
the first end and the second end of the labyrinth path communicate with the 
fluid reservoir such that any fluid entering the labyrinth seal is returned to the 
fluid reservoir. 

1 7. The viscous fluid clutch of claim 1 6, wherein the first end of the 
labyrinth seal is located toward an outer radial end of the rotor and the 
second end is located toward a central portion of the coil assembly. 

18. The viscous fluid clutch of claim 16, wherein the housing insert 
includes an annular locking extension portion for interlocking the housing 
insert and the first housing portion. 

1 9. The viscous fluid clutch of claim 1 6, wherein the viscous fluid 
comprises a magnetorheological fluid. 

20. A fan drive assembly for use in a vehicle including the viscous fluid 
clutch of claim 16. 

21 . A fluid clutch of the type in which a first housing portion includes a cast 
housing portion cast around an annular housing insert and a second housing 
to be connected to the first housing portion, the connected first and second 
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housing portions adapted to be rotatably disposed on an input shaft, the fluid 
clutch comprising: 

an annular extension member located on one of a periphery of the first 
housing insert and the cast housing portion and an annular complimentary 
groove located on the other of the periphery of the first housing insert and the 
cast housing portion, wherein the extension member mechanically engages 
the complimentary groove to lock the housing insert and the cast housing 
portion; and 

wherein the cast housing portion has a first associated coefficient of 
heat expansion and the housing insert has a second associated coefficient of 
heat expansion different than the first coefficient of heat expansion such that 
when the first housing portion is heated when the clutch fan is in use, the 
extension member more positively engages the complimentary groove and 
prevents fluid from leaking there past. 

22. The improved housing of claim 21 , wherein the annular extension 
member comprises an annular thread and the complimentary groove 
comprises an annular complimentary thread mechanically engaging the 
housing insert to the cast housing portion such that movement of the insert 
relative to the cast housing portion causes the insert to be more securely 
threaded with the cast housing portion. 

23. The improved housing of claim 21 , wherein the cast housing portion 
comprises a radially extending annular surface. 

24. A fluid clutch, comprising: 
an input shaft; 

a rotor connected to the input shaft; 

a housing including a first housing portion connected to a second 
housing portion, wherein the second housing portion is rotatably disposed on 
the input shaft; 



-34- 



Atty. Dkt. No. 032968-0105 



an annular housing insert, wherein the first housing portion is cast 
around the housing insert; and 

a coil assembly engaged with the housing insert, 

wherein one of a periphery of the first housing portion and the housing 
insert includes an annular projection and a periphery of the other of the first 
housing portion and the housing insert includes an annular groove, and 

wherein the annular projection and the annular groove mechanically 
engage to prevent separation of the first housing portion and the annular 
groove. 

25. The fluid clutch of claim 24, wherein the first housing portion comprises 
a radially extending surface. 

26. The fluid clutch of claim 24, wherein the first housing portion comprises 
a material having a first coefficient of heat expansion and the housing insert 
comprises a material having a second coefficient of heat expansion different 
than the first coefficient of heat expansion. 

27. The fluid clutch of claim 24, wherein the annular projection comprises 
an annular thread and the annular groove comprises an annular 
complimentary thread. 

28. The fluid clutch of claim 27, wherein the annular thread is a square 
profile thread. 

29. The fluid clutch of claim 27, wherein the annular thread and the 
complimentary thread mechanically engage the first housing portion and the 
housing insert so that movement of the housing insert relative to the first 
housing portion is in a direction of engagement of the annular thread and the 
complimentary thread. 
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30. The fluid clutch of claim 29, wherein the annular thread is a right hand 
thread and the fluid clutch is designed to rotate in a counterclockwise direction 
as viewed from a forward end of the fluid clutch. 

31 . The fluid clutch of claim 24, wherein the fluid comprises a viscous fluid. 

32. The fluid clutch of claim 31 , wherein the viscous fluid comprises a 
magnetorheological fluid. 

33. A fan drive assembly for use in a vehicle, the fan drive assembly 
including the fluid clutch of claim 24. 

34. A fluid clutch for use in a vehicle, the fluid clutch including a rotor 
having a rotor hub driven by an input shaft and a rotor surface having an end 
connected to an outer periphery of the rotor hub, the fluid clutch comprising: 

the rotor surface including a first portion, a second portion, and a roll 
formed portion disposed between the first and second portions, 

wherein the first and second portions of the rotor each have a 
thickness sufficiently greater than a thickness of the roll formed portion such 
that a magnetic flux path in the fluid clutch will have a substantial portion of a 
magnetic field flow around the roll formed portion as compared to a portion of 
the magnetic field flow that flows through the roll formed portion. 

35. The fluid clutch of claim 34, wherein the roll formed portion of the rotor 
has a saw tooth profile. 

36. The fluid clutch of claim 34 wherein the roll formed portion of the rotor 
has a V-W shaped profile. 

37. The fluid clutch of claim 34 wherein the roll formed portion of the rotor 
has a W-W shaped profile. 
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38. A magnetorheological fluid clutch, comprising: 
an input shaft; 

a coil assembly for generating a magnetic field; 
a housing comprising a stator; and 
a rotor disposed in the housing, 

wherein the rotor includes a radially extending hub driven by the input 
shaft and an annular rotor ring connected to the hub, and 

wherein the rotor ring includes a first portion, a second portion, and a 
thinned center portion disposed between the first and second portions to 
prevent a shunt in the magnetic field, and 

wherein the thinned portion has a saw tooth shaped profile. 

39. The magnetorheological fluid clutch of claim 38, wherein the thickness 
of the first portion and the thickness of the second portion are at least seven 
times greater than the thickness of the rolled portion. 

40. The magnetorheological fluid clutch of claim 38, wherein the roll formed 
portion is formed to include grooves and protrusions. 

41 . The magnetorheological fluid clutch of claim 40, wherein the grooves 
and protrusions form a W-shape. 

42. The magnetorheological fluid clutch of claim 38, wherein the roll formed 
portion is formed without cutting. 

43. The magnetorheological fluid clutch of claim 38, wherein the rotor ring 
comprises a ferrous metal. 

44. A fan drive assembly for use in a vehicle, the fan drive assembly 
including the magnetorheological fluid clutch of claim 38. 
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45. An improved rotor assembly for use in a magnetorheological fluid 
clutch for use in a vehicle, the rotor assembly including a hub driven by an 
input shaft and a rotor ring having a first side and a second opposite side, the 
first side connected to an outer periphery of the hub, wherein the rotor 
assembly is disposed between a first housing portion and a second housing 
portion, the improvement comprising: 

an annularly extending curved portion formed in the hub and 
configured to compensate for dimensional changes of the hub due to 
temperature variation during operation of the clutch, 

wherein the curved portion includes a concave surface disposed on a 
side of the hub facing in a direction toward the second side of the rotor ring. 

46. A viscous fluid clutch, comprising: 
an input shaft; 

a coil assembly; 

a cast housing including a first housing portion connected to the coil 
assembly and a second housing portion rotatably disposed on the input shaft; 
and 

a rotor assembly disposed between the first housing portion and the 
second housing portion, 

wherein the rotor assembly includes a hub disposed on the input shaft 
and a rotor formed as a ring and having a side connected to an outer 
periphery of the hub, and 

wherein the hub includes an annularly extending curved portion 
configured to compensate for dimensional changes of the hub and the effect 
on the rotor due to temperature variation of the viscous fluid clutch during 
operation. 
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47. The viscous fluid clutch of claim 46, wherein the rotor extends away 
from the hub and the curved portion of the hub includes a concave surface 
facing toward a direction of extension of the rotor ring. 

48. The viscous fluid clutch of claim 47, wherein the curved portion is 
located to have the concave surface offset from the outer periphery of the 
hub. 

49. The viscous fluid clutch of claim 48, wherein the concave surface is 
offset in a direction opposite from the direction of extension of the rotor ring. 

50. The viscous fluid clutch of claim 50, wherein the rotor ring extends 
away from the hub and the curved portion of the hub includes a convex 
surface facing toward a direction opposite from a direction of extension of the 
rotor ring. 

51 . The viscous fluid clutch of claim 50, wherein the curved portion is 
located so that the convex surface is offset from the outer periphery of the 
hub. 

52. The viscous fluid clutch of claim 51 , wherein the concave surface is 
offset in the direction opposite from the direction of extension of the rotor ring. 

53. The viscous fluid clutch of claim 46, wherein the curved portion 
comprises a concave surface facing toward the first housing portion and a 
convex surface facing toward the second housing portion. 

54. The viscous fluid clutch of claim 46, wherein the rotor ring extends in a 
direction away from the hub and the curved portion of the hub comprises a 
concave surface disposed on the side of the hub facing in the direction of 
extension of the rotor ring. 
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55. The viscous fluid clutch of claim 46, wherein the viscous fluid clutch 
comprises a magnetorheological fluid clutch. 

56. A fan drive assembly including the viscous fluid clutch of claim 46. 

57. A method of making a rotor assembly for use in a viscous fluid clutch, 
the method comprising the steps of: 

providing a magnetic material; 

forming the magnetic material into a rotor ring; 

roll forming the rotor ring to include a thinned central portion, wherein 
the first and second portions each have a thickness greater than a thickness 
of the thinned central portion; 

providing a hub member; and 

connecting the rotor ring to the hub member. 

58. The method of claim 57, wherein the step of forming the magnetic 
material into a rotor ring includes the steps of providing a sheet of the 
magnetic material, cup drawing the magnetic material into a cup-shaped 
member, trimming the cup-shaped member to form a ring, and roll forming the 
ring. 

59. The method of claim 58, further comprising the step of stamping the 
hub member and forming a curved portion between an inner periphery of the 
hub member and an outer periphery of the hub member. 

60. The method of claim 57, wherein the step of connecting the rotor ring 
to the hub member includes crimping one of the first portion and the second 
portion of the rotor ring to an outer periphery of the hub member. 
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61 . A coil assembly for a viscous fluid clutch, comprising: 
a bobbin including a winding ring having a crossbar; 
a central shaft extending from the crossbar; 

a first magnet disposed on an outer periphery of the central shaft; 

a second magnet disposed on an outer periphery of the central shaft; 

a first lead connected to the first magnet and extending through the 
central shaft into a first portion of the cross bar; 

a second lead connected to the second magnet and extending through 
the central shaft into a second portion of the cross bar; and 

a wire wrapped around the winding ring and including a first end in 
contact with the first lead in the first portion of the cross bar and a second end 
in contact with the second lead in the second portion of the crossbar, 

wherein the bobbin, the winding ring, the central shaft, and the wire are 
over-molded with a resin. 

62. The coil assembly of claim 61 , wherein the resin comprises a polymer 
material. 

63. The coil assembly of claim 61 , wherein the resin comprises a 
thermosetting epoxy. 

64. A magnetorheological fluid clutch including the coil assembly of claim 
61. 

65. The magnetorheological fluid clutch of claim 64, wherein the winding 
ring and the crossbar are disposed between a first housing cover and a coil 
cover. 

66. The magnetorheological fluid clutch of claim 65, wherein the first 
housing cover and the coil cover are mechanically joined. 
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67. A fan drive assembly for use in a vehicle including the 
magnetorheological fluid clutch of claim 64. 

68. An improved cooling device for a vehicle fan clutch having a housing 
including cooling fins disposed on the housing facing toward a direction of air 
flow, the cooling device comprising: 

a diffuser element including a first surface aligned to direct air toward 
the cooling fins; and 

a connector element having a first portion connected to the diffuser 
element and a second portion for connection with the vehicle fan clutch, 

wherein the diffuser element and the connector element are configured 
to prevent stagnation of the air at a central area of the housing. 

69. An air-directing device to increase the cooling effect for a housing 
having a plurality of fins located on an external surface of the housing, the air- 
directing device comprising: 

a diffuser element configured to be disposed on a front end of the 

finned housing; 

a connector element disposed within the diffuser element, 

wherein the diffuser element and the connector element are configured 

to reduce stagnation of air in the vicinity of the finned housing when air is 

flowing toward the front end of the finned housing. 

70. The air directing device of claim 69, wherein the diffuser element 
comprises a frustoconical diffuser element. 

71 . The air-directing device of claim 69, wherein the connector element 
includes a cone shaped portion having a larger diameter end located adjacent 
the housing and a smaller diameter end located away from the housing. 
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72. The air-directing device of claim 69, wherein the diffuser element is 
connected to the connector element by at least one extension member. 

73. The air-directing device of claim 72, wherein the connector element is 
connected to the diffuser element by three radially extending, angularly 
displaced extension members. 

74. A fan clutch including the air-directing device of claim 69. 

75. The fan clutch of claim 74, wherein the connector element is connected 
to an electrical cap disposed on a fan clutch housing. 

76. The fan clutch of claim 75, wherein the fan clutch housing includes 
curved fins configured to reduce flow separation along the fins. 

77. The fan clutch of claim 74, wherein the fan clutch comprises a 
magnetorheological fluid fan clutch. 

78. A combined coolant pump and fan assembly for a vehicle of the type in 
which an engine driven pulley is connected to the coolant pump and to the 
fan, the assembly comprising: 

a first viscous fluid clutch coupled to the pulley; and 

a second viscous fluid clutch coupled to the pulley, 

wherein the first viscous fluid clutch is configured to drive the fan and 
the second viscous fluid clutch is configured to drive the coolant pump, and. 

wherein the first and second viscous fluid clutches are configured so 
that a speed of the first clutch is independently variable from a speed of the 
second clutch. 
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79. A combined fan clutch and coolant pump assembly for a vehicle, 
comprising: 

a pulley configured to be driven by an engine; 

a viscous fluid fan clutch coupled to the pulley; and 

a viscous fluid coolant pump clutch coupled to the pulley, 

wherein the viscous fluid fan clutch and the viscous fluid coolant pump 

clutch are configured so that a speed of the fan clutch is independent of a 

speed of the coolant pump. 

80. The combined fan clutch and coolant pump assembly of claim 79, 
wherein the viscous fluid fan clutch includes an input shaft coupled to the 
pulley, a rotor assembly connected to the input shaft; a coil assembly; a first 
housing cover connected to the coil assembly; and a second housing cover 
rotatably disposed on the input shaft. 

81 . The combined fan clutch and coolant pump assembly of claim 79, 
wherein the viscous fluid coolant pump clutch includes a coil assembly 
disposed within the pulley; a rotor assembly; a coolant pump input shaft 
coupled to the rotor assembly; and a housing cover connected to the pulley. 

82. The combined fan clutch and coolant pump assembly of claim 81 , 
wherein the viscous fluid coolant pump clutch includes a permanent magnet 
configured to enable the rotor to drive the coolant pump input shaft when the 
coil assembly is de-energized. 

83. The combined fan clutch and coolant pump assembly of claim 79, 
wherein the viscous fluid comprises a magnetorheological fluid. 
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Lawrence Craig 
KENNEDY 
Commerce Township 



Page # 1 



Initial 04/01/04 



State or Province of 

Residence:: 

Country of Residence:: 

Street of mailing address:: 

City of mailing address:: 

State or Province of mailing 

address:: 

Postal or Zip Code of mailing 
address:: 

Applicant Authority Type:: 
Primary Citizenship Country:: 
Status:: 
Given Name- 
Family Name:: 
City of Residence:: 
State or Province of 
Residence:: 
Country of Residence:: 
Street of mailing address- 
City of mailing address:: 
State or Province of mailing 
address:: 

Postal or Zip Code of mailing 
address:: 

Applicant Authority Type:: 
Primary Citizenship Country:: 
Status:: 
Given Name- 
Family Name- 



Mi 
US 

4865 Ledgewood Drive 
Commerce Township 
Ml 

48382 



Inventor 
US 

Full Capacity 

James F. 

GALLAGHER 

Howell 

Ml 

US 

1151 North Alstott Drive 

Howell 

Ml 

48843 



Inventor 
US 

Full Capacity 
Philip 

STEPHENSON 



Page # 2 



City of Residence:: 
State or Province of 
Residence- 
Country of Residence:: 
Street of mailing address:: 
City of mailing address- 
State or Province of mailing 
address:: 

Postal or Zip Code of mailing 
address:: 



Dexter 
Ml 

US 

2740 Bent Tree Drive 

Dexter 

Ml 



Applicant Authority Type:: 
Primary Citizenship Country:: 
Status:: 
Given Name:: 
Family Name:: 
City of Residence- 
State or Province of 
Residence:: 
Country of Residence- 
Street of mailing address- 
City of mailing address:: 
State or Province of mailing 
address:: 

Postal or Zip Code of mailing 
address:: 



Inventor 
US 

Full Capacity 

Gregory 

MACK 

Dansville 

Ml 

US 

1476 Adams Street 
P.O. Box 49 
Dansville 
Ml 



Correspondence Information 



Page # 3 



Initial 04/01/04 



Correspondence Customer Number:: 
E-Mail address:: 



22428 

PTOMailWashington@Foley.com 



Representative Information 



Representative Customer 


22428 




Number:: 







Domestic Priority Information 



Application:: 


Continuity Type:: 


Parent 
Application:: 


Parent Filing 
Date:: 











Foreign Priority Information 



Country:: 


Application 
number:: 


Filing Date- 


Priority Claimed:: 











Assignee Information 
Assignee name:: 



Page # 4 



Initial 04/01/04 



